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INTRODUCTION 
Chlorosis of the foliage of higher plants has constituted a seTere 
fertility proble~ in many areas of the world. It hal been reported in 
no less than 30 countries (23). It has manifested itself in the western 
states and has usually been associated with a high CaCOJ content in the 
soil. 
This chlorosis does not alw~s result from lack or unavailability 
of one of the essential elements, but can result from seTeral oonditions 
around the plant roots or p~siolog1cal processes taking place within the 
plant. Both the absence of iron in the Boil and conditions which provoke 
its unavailability to the plants 8eem to have major roles in inducing a 
lowering of the chlorophyll-making potential, in stunting growth, and 
causing necrosis of plants in extreme cases. 
In general. chlorosis seems to increase as the growing seaBon 
elapses. which would indicate that the physiological age of plants pI81'S 
a major role in. the uptake of certain elements and in their influence on 
the manufacture of chlorophyll by plants. 
The problem considered here will be limited to the effects of age. 
and of calcium and bicarbonate ions on the uptake of iron by plants. and 
on Chlorophyll for.mation. It is the hope of the author to determine 
which of the ions in the soil are conducive to "lime-induced chlorosis." 
Great Northern beans were selected as experimental material in view 
of their sU8ceptibility to typical "lime-induced chlorosis." These beans 
were grown in solution. 
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OVID' CIS' LITERATURE 
Moat authors report \hat chlorosis lncrea ••• &8 the growing .eason 
.lap ••• , but no quan'i_\in dab concerning the up\ake of iroD at par-
ticular age. have been gathered. The lack of such information 111 rea41lJr 
understandable tor radioactive tracer. ware not available until recen\17. 
and 1t would have been axtreme17 difficult to measure the uptake of an 
81_en\ at a particu.lar tille vi thout the radio1sotope •• 
The influence of bicarbonate ions on the uptake of iron by plants 
has alreadl' been investigated by Wadle1gh and Brown (23). !hq found 
that increaaing concentrations of bicarbonate iODS were a •• oelated vl~ 
increasing lntenaltles of chlorosis and marked deorease in growth. !h~ 
noted an accumulation of citric acid and of potas8ium in chlorotic leaves. 
Wall and Crola (24) noted marke4 difterencea in the tolerance of 
different species. As an example chr;rsan\heD1Wls were found utreme17 in-
tolerant to the presence of .odium bicarbonate whereas carnations were 
practicall.7 inaanai t1 va. Gauch and Wadleigh (6) alao noted marked varI-
ation 1n .enaitiv1ty or dlfterent specla. in sand drip culture.. !haT 
found that Rhodes graB. vas inaenal'1ve to the presence of 12 m ••• /l. 
ot this salt whereas the 88118 concentration caused the death of DalIla 
grals. Overstreet,!! ale (20), using radiocarbon in XHC0:3 to .eaaun 
the absorption of bicarbonata ions found that thq wera absorbed. by' 
'barley roo's. However, they were not absorbed as rapidly &8 the potaBal .. 
iona. 
Epstein and Stout (4) round that the ~take of iron was a.prelle4 
-_. ---~~~~--~--- ----~-----
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in the whole plant 'b7 a high percenitage of exchangeable calcium, but that 
the shoot. and the roota lncreaaed their iron content w1th a higher per-
oen'-ce of exchangeable calciUll. Theae findings were made under a01d 
oondit1one. 
!'horne and. Wallace (22) f01m4 a higher oodtent ot po\alsium in 
Ohlorot1c laaT8. of peaCh, pear, grape, prune, and apple than 1n nor.mal 
leav... MoGeorge (12) argues that the exoels of potas8ium in chlorotic 
lea.,... of c1 true treel 18 the result of \he failure of potassium to be 
transloca\_ out of leans aa tbeT mature. The presence of excess ca1-
clum in 8011s conta1ning a hlgh percenta&e of calcium carbonate was 
believed to be an influential factor in the disruption ot the plant 
metabolism. Numerous Chemical analysea haYe failed to ahow any definite 
relatloneh1p between Chlorotio conditions and total calcium content 1n 
plantae The 'Work ot Olson (18) and of McGeorge (1.3) woUld tend to sub-
stantia'e 'the 1a8t statement. On the ether hand, Iljin (9) believes that 
in moa' easel Chlorotic plant tissuss con\ain more soluble calcium ~ 
normal tlllJU8l. Drouineau (3) finds a higher percen ta8e of soluble cal-
cium axpre8aed on a total calcium oontent baais in Chlorotic plants than 
in gre.n on8S. (He defines soluble caloium as calcium soluble in a 2 
percent acetic acid solution.) He attributes this increase in soluble 
oaloium percentage in Chlorotic tissues to an insuffioient immobilization 
of calcium by the orgaJ11c aci4s. This could be evidence of the importance 
of \he organio 80lds 1n the evolution of the disease. 
Th. theory has been advanoed that ~ron 1s 1m.obil1zed in plants 
sutfering frOll lime-induced chlorosis. This theo%,)" is SUbstantiated by 
the work of McGeorge (14). who Itudied the accumulation of iron in the 
root. of seedlings growing in soils containing a hlgh percentage of 
4 
calcl1.U1l carbona'e. Marsh and Shift (16) reported that chlorotic soy 
bean plants had a higher iron content in the stems and a lower iron con-
~ent in the leaves than normal plants. Ohapman (1) also indicated that 
iron accumulated in the phloem and xylem of chlorotic trees whose leaves 
contained less iron than leaves of nor:mal trees. Ml1ad (17), in his 
stu4y of Chlorotic pear trees. reported findings similar to those of 
Ohapaan. 
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IDLUEN'CE OF AGE ON THE UPTAD OF IRON 
:Ixp,riJpen\ll Proct4urt 
Great Northern beans were grovn in 8olution cultures aerated several 
houri da1l¥. The nutrient solution oontained the tolloring salta per 
Ii tar: Ca(HO) )2- 8 m ••• ; DO). .5 _,m.e.; )(gS04' :3 ' .... : ~04' 1 ,Il.'. ; 
Ca(HC~)2' 2'~m.e.: (HH4)2 804. 2 m ••• : and Mg(H?Oj)2t l.m... One p.p.m. 
of Fa wa~d4ed as "S04' O.;'p.p.m. Mn as MnS04. and 0 • .5 p.p.m. ! as 
H3130:3. Jort,...elght hour. b.fore harTeet (after lunset) ordina17 FeS04 
vaa replaced b7 l'eS04 oontaining 2 radioisotopes of irons J'eS; and ,,)9. 
The pH of the solution stqed around 6.0. 
Plant. were harv.sted at different ages. The plant was considered 
to have germinated on the ~ that the bJpocot.yl was over 2 millimeters 
long. LeaT •• and atell8 vere ana17 •• d tor radioiron b;y the Jaethod of 
Marcom- and Wooll87 (IS). Root •• leavea. and stems were weighed. 
bnlt. 
!he growth response of plant. 1s shown in tables 1 and 1-a. 
The uptake of iron folloved an extremely interesting patt.rn which 
1. ahown in the same tables. :B.tween the 14th and the 11th dq a majorit7 
ot the plante became Chlorotic. This would indicate that thaT bad 8%-
haUtted their 'suPP17 trom the 8 •• d but yet wera unable to draw iron tram 
the solution in aaounts suffioi.nt to meet their nead. f.ne recovery trom 
this chlorotic condl tion was utremel1' rapid. In a day or ~o the leaTe. 
had regained a deep green color. 
Tht. can readily be understood when we consider the data pre.ented 
in table 1. The uptake of iron is high after the 11th dq, and it appears 
to remain high until the 35th~. Later it 18 greatly reduced and, in 
I 
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80m8 case., completely stopped after the 40th day. It seems that bean 
plants do not take up any additional iron after their 50th dq, although 
their growth 1s not campleted. In fragmentary data not presented here. 
it was apparent that radioiron concentration in the fruits of the bIder 
plants was 801lewhat higher than in 8i ther leaT8a or stems. 
In all ca ••• where beaDs absorbed radioiron, the leaf content of 
this aleman t was higher than the stem con ten t. 
A balanced split-plot design was originally planned for this 8%-
per1l1ent. but due to the presence of plants d1ffering in age by 1 or 2 
~ 
dqa in the same pot and to the surprising data. obtained. the data had 
to be reported in lts present form. It i8 the hope of the author that 
more work rill be done on the influence of age on the uptake of iron by 
plants. and especiallJ on the condition that prevailed during the earl1 
stages of growth. 
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INFLUENCE or CALCIUM AlID BICARBONATE lOllS 
ON THE UPTAKE OJ' IRON 
Experimepta1 Procedure 
For 23 days Great Northern beans were grown in the solution described 
on page 5 and used in the age experiment. ThaT vere then submitted to 
difterentia1 treatments. Three of the treatments consisted of 8 m.a., 
16 m.a •• and 24 m.a. per liter of NaHCOJ • Three other treatments con-
sisted of 8 m.a •• 16 m.e •• and 24 m.a. per liter of CeC12• To provide a 
basis for comparison at similar (although not quite identical) osmotic 
pressures. and in order to have common ions isotonic treatments of HaCl 
were also initiated. One set of plants received no treatment. 
) 
Three plants were grown to a pot. The treatments were replicated 
4 times. Because ot limitations of space and time the replication, 
fol10ved each other at about lo-~ intervals. Each replication contained 
all 10 treatments and vas completely random1sed within itaelf. 
The pH of all the solutions was adjusted to 7.9 wi th XOH to 811m-
inate pH a8 a possible variable. When the pH dropped below 7.5 these 
solutions vere renewed (about ever,r 3 days). Plant. received thea. treat-
ments for 14 d..a1's, Forty-eight hours before harTelt (after sunset) the 
ordinar.y iron vas replaced b7 radioiron. Immediately atter' harTest 
leaves arid stems were waQhed with a detergent (Vel), a weak solution of 
HCl and distilled water in order to remove the iron whiCh Jacobson (10) 
showed to be present in surface-adhering particles. They were dried at 
65 degrees C. Yield data were obtained. ChloroPh1'll ("an plus nb") was 
determined on the dried tissue by the method of Wil1stater and Stoll (25). 
" Since no fresh chlorophyll standard was 'aTailable. the method of Guthrie 
------~ 
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( 8) for the preparation of a synthetic standard was used. Radioiron va. 
analysed b7 the aethod of Marcour and Woolle7 (15). A portion of the dry' 
tiasue was digested in acids and total iron was determined co1orimetrically 
using o-phenan~roline. Calcium, po tas8 ium , and sodium were deterailled 
wi th the Beckman flame photometer. 
'!'he' ana17ala of the u\a fol1owl the procedures' o\ltllned b7 Cochran 
and Cox ( 2 ), and 11 sher I. (S ) method of breald.ng degrees of freedom for 
treatments into indlTidual components. 
Results 
The growth responses of the plants are shown in table. 2 and .3. 
For a week following the-~1tlatlon of the differential treatment •• 
there appeared to be small Tariation in growth reapons. and no sign of 
Chlarolia. !he difterences appeared rather abrupt17 and at the end of 
the trea tmen t8 some of the plants treB. ted wi th BaHCa:, were Tel)" near 
death. 
In oppo8i t10n with the findings of Wadleigh and Gauch ( 6) 1 t val 
found that BaCl at all levels Ter,y 8ignificantl1 depres8ed leaf growth 
of bean plants. NaHOOJ had an eTen more noxious effect on growth than 
BaOl. The two higher concentrations of CaC12 did not 8ign1ficant~ de-
press grow~ of leav •• whereas the lover leTel had V8r,y significant 
effect.' on leaf' growth. All lalts had & negative and rather similar 
effect on st. growth. 
The treatment effect on root growth was more obvious to an actual 
obseM'er than it appears in table J. The root. in the solutions contain-
ing NaRCO, were qui te brown and generally had a Te17' poor appearance. 
This did not 8eem to affect their weight ver)" much. The explanation for 
thi. could be that the haaTier roots wera alrea,q formed at the Btart of 
~-~ --~~-~~-----~--------~~---=-.------=~j 
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the trea tlnen". 
The degree of Chlorosis is indicated b,y the chlorophyll content of 
the leavee shown in table 4 and by the photographs of the fourth repli-
cation in tieure. 1 and 2 on pages 16 and 17. Sodium bicarbonate created 
severe Chloroli, in all cases and the lev.ri~ increased with increasing 
concentrations of this salt. Sodium chloride had. a much smaller dele-
terloua effeot on the chlorophyll formation than NaHC03, whiCh indicates 
that \he presenoe of bioarbona'e ions induced Chlorosis to a much larger 
degree than high concentration of sodium ions. Thele resulte, ho~ver, 
do not 8ub.~tlate the a •• ertion of Wadleigh and Brown (23) that 
Chlorosis 18 "completely unrelated to the addition of 8odl~ per !§_" 
Plants grown with CaCl2 treatments showed marked Chlorosis at the low 
leTel in each of the 4 replications, whereas the plants grown in solutions 
contatning 16 and 24 m.e. per liter of CaC12 made excellent growth, as 
shown in table 2, and contained sufficient chlorophyll for normal growth. 
The author shall not attempt to explain this unexpected manifestation a8 
on17 further -experimentation could throw light on the subject. 
Not too much importance should be attached to the total iron content 
of the plants as indicated in table 5 t since 1 t was influenced by the 
iron in the seeds and b1" the uptake previous to the trea.tmen's. It'ls " 
.interesting, however, to note a decreasing iron content in leaves as the 
concentration ot BaHCO; increases, whereas the iron content of "ems 1n-
cr .. es a8 more WaHOO) is present in the 8olution. Thil might indicate 
theories ihat iron is blocked in the stems by' the presence of bicarbonate 
10118 around the roots. 
I; 
The taot that no etfort va. made to distinguish between "inact1ve H 
and "actlTe" iron as defined by Oserkowalq (19) was because of a l:l:mi tation 
10 
in time. It would have been of interest to attempt to corroborate the 
observations of Jacobson (10) and of McGeorge (14). The ana~seB of 
radioiron ought to be more revealing since the plants wera under the 
full impact of the treatments at the time of the application of radio-
iron. 
The data of table 6 indicate that the presence of bicarbonate ions 
in the solution prevented radioiron uptake almost completely, and at any 
rate the quantities abosrbed could never suffice for proper metabolism. 
Calcium chloride, and to a 1easer.extant sodium chloride, increased 
the radioiron uptake. Sixteen m.a./I. of O8C12 brought about a "e17 large 
radioiron uptake. If this iron is of the "active" form, massive appli-
cation of CaC12 to the so11 might be some cure to Chlorosis. Let us 
note that the low level of CR012 which induced chlorosis did not preTent 
the beans from taking up much larger quantities of radioiron than the 
plants whiCh received no treatments. The ratio between leaf and stem 
contents of radioiron of plants treated with 8 m.e./l. of CaC12 is much 
narrower than the similar ratio where solutions contained 16 m.e./l. and 
24 m.e./l. of OaC12 or HaOl. This might indicate that the radioiron is 
blocked in ~e stems. This hypothesis certainly receives no backing 
from the radioiron data of the plants, receiving no treatment or ot thoBe 
submitted to 8 m.a./l. of WaC1 since in thea. two instances the ratio 
was also narrow. 
The calcium content of bean plants as shown in table 7 seems to 
bear no relation to the problem of chlorosis. As could be expected, the 
calcium content of plants was enhanced by the Oa012 treatments and de-
pressed b.Y the NaCl and NaHCOJ treatments. 
11 
Many authors report a marked interaotion between chlorop~ll and 
potassium contents of plants. This assertion 1s sUbstantiated b.f our 
find1ngs as shown in table 8. Plants treated with N'aHCO;, had a high 
potas8ium content in their leavea. Increasing concentrations of calcium 
in the solution depresled pota •• ium. uptake. whereas sodium in the so-
lution did not greatlY' influence it. 
It 18 worthwhile noting that the stems ot the plant. treated wi th 
the low leTSl of CaC12 contained the most po\a8.1um and that the leaves 
of the lame beans had a relatively' high pota8sium oontent. 
The sodium content of beans. a8 shown on table 9. aeema to have no 
more relation to the problem of chlorosis than does the calcium content. 
The lod·lum oontent of plants increased wi th higher concentrations of 
sodium iODS in the solution. Sodium a8 NaHC0:3 seemed to be more readily 
absorbed than sodium as NaCl. 
, 
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DISCUSSION 
An experiment of such explorato1'7 nature can hard17 lead to final 
conclusions. Although the role of bicarbonate ions in promoting chlorosis 
i8 evident lt muat not be forgotten that 8 m.a./l. of CaC12 Sf-duoed 
aim11ar exterior symptoms but had an absolutely dlfferent effect on the 
up\ake of iron by beans. Hence we are lead to conclude that- bicarbonate 
ions cannot be the on~ agents whiCh reduce the Chlorophyll-making po-
tential ot plants. Rather, they as well a8 0&012 in certain quantities, 
for instance. aet up condi tions which induce chlorosis. 
A possible toxicity of bicarbonate ions t& root tissuss could be 
adTanced &8 an explanation for the Chlorosis and poor growth of plants 
in the presence of \hese ions. The general appearance of "the roots 
could 8ubstantiate such an explanation. 
In the 11gb t of recent work by Lundegarc1h (11) and Seeley (21). 
and since the low level of CaC12 had no deleterious effect upon the out-
ward appearance of the roots. the author would rather suggest another 
explanation for the behavior of ihe planis subjected to the NaHCOJ treat-
ments. 
The presence of bicarbonaie ions tends to decrease the oxygen 
tension and increaae the CO2 tension.·; lnalJDUCh as plants require energy 
for their metaboli8D1. and since thiQ energy 18 mostly supplied by oxidation 
in which OXJ"geIl is the u1 tima'e acceptor ot hydrogen, it is logical to 
a.SUIle that limi tlng the oXJ"gen suPP17 (el ther at the root aurtace if 
bicarbonates are not absorbed, or inside the cells if the bicarbonates 
13 
are absorbed), tends to slow down the plant metabolism and in particular 
the anion uptake. The recent work of GoUDY and Mazoyer (7 ). showing a 
marked decrease of uptake of phosphate and nitrate ions in-Lupinus Albus 
trea ted wi th 0&003 t 1 s evidence in support of thi s possl bla explana tl on. 
Lundegardh pointe out .that cations are draued somewhat passively' 
by the anions into the plants; this might explain why bicarbonate ions 
do not disturb cation absorption greatlY with the possible exception of 
potassium ions, as organic acids take the place of anions ~ as nitrate 
and phosphate ions in balancing positive charges in the plant cells. 
Iron uptake seems, therefore. to be slowed down b.1 the presence of 
bicarbonate ions at the surface of the roots and the iron alrea4y present 
in the cell is more or less ~obillzed b,r organic acids (nitrates and 
phosphate ions being less abundant) or by bicarbonate and carbonate ions. 
A higher content of organic acid in Chlorotic plants, a8 reported by 
Iljin (9 ). would also tend to support this hypothesis. 
It almost seems superfluous to write that the work presented in this 
thesis is neither complete nor technicallY perfect. In regard to techniques 
it 1s no exaggeration to point out that our total iron analyses are quite 
inaccurate. Whether this be due to the author's poor ability or to the 
.teChnique outlined on page 7 is rather difficult to estimate. Furthermore. 
the control of pH in the solution cultures was not alwa7s as flawless as 
could be desired. 
L1m1tatlons in time, patience, and foresight have rendered the resul ts 
somewhat inconclusive and fragmentar.y in the study of the influence of age 
on iron uptake by bean plants, leaving no posslbl1it,y for definite con-
clusions. This influence could have been better est1\fi(Kt ~~B had 
H STATE AGRICUL'fU }58400 UTA LlBRA .• Y 
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contain.d. \he 18IIl8 number of plants. Also, da\a are lacldng "beWe8Jl 'the 
29th and the ,8th dq of the 11te of these Great Nor\hern beanl. It would. 
hay. been desirable to haTe axperiuntal units more enn17 apaoed 111 \1_; 
\hi. would. haft helped us to 88t1mate tbe 'tIptake of iron &8 lnfluaneed. b7 
age in a more efficient maDDar. 
In the .t~ ot the influence of bicarbonate and calol_ 10na on 
ohlorosi., It 1s to be deplored ~t a better 8~ ot the anion oontent 
of plant tileus was not undertaken. for olearly it appears '0 ~Te a deep 
influence on the metabolism of chlorotic plantae The organic aoid content 
of thale plants should haTe been investigated to add weight to 'he tent&-
'~.e con,plullcm8 presantad in this d1lcus8ion. The specific infiu.enoe 
of ~l8n and carbon dioxide tension ahould also have bean atu41ed to 
pro'rlde better grounds in our argumentation. It is the hope of the author 
\hat further and more conclusive atudi.a. will 'be made to asoertain the 
influence of Q€e on the iron metaboli .. in plants, a8 well a8 'he Wluence 
of carbOD dioxide and oxygen tension on the iron uptake by' plan's. The 
author can on1;1 viih that 1t will be possible to make a more oomplete 
'tudT of \he complete 10nic balance of plant tissues which wulergo 'Wl-
favorable ch.a.n«as beo&ua8 of the presence ot bicarbonate iOD8 around. the 
roo'a. 
.. 
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SUMMARY 
Graa t Northern beans were grown in solution cu1 turea to ascertain 
the influence of age. and of calcium and bicarbonate ions on their up-
\aka of iron. Radioiron was used a8 a tracer. 
It va. found that moat17 during the middle third of their life did 
th ••• bean. absorb iron through their roots. 
Bicarbonate ions depresled the uptake of iron and ~e formation of 
chlorophyll very- s8TerelT. Sodium ions had. a much smaller deleterious 
effect. Low concentration (8 m.e. per liter) of CaC12 caused chlorosia 
and induced iron uptake. whereas high concentrations increased the up-
take of iron. 
!he cationic composition of the leaves showed no abnormality. 
Iron uptake aeeml. ~erefore. to be slowed down by the presence of 
bicarbonate ions at the surface of the roots and the iron already present 
in the cell is more or les8 immobilized by orgpnic acids (nitrates and 
phosphate ions being -les8 abundant) or 'tv bicarbonate and carbonate ions. 
16 
Figure 1. Photographs showing the relative growth and degree of 
chlorosis of bean plants treated with CaC12 and NaCl. 
lI'igure 2. Photographs showing the relative growth and degree of 
chlorosis of bean plants treated with NaHCOJ • 
17 
Figure J. Photograph (upper) and radioautograph (lower) of leaves 
of bean plants treated with CaC12 and NaCl. 
A (young) A-I (old): 
B (young) B-1 (old): 
C (young) 0-1 (old): 
D (young) D-l (old): 
no treatment. 
8 m.e./l. of NaCl. 
16 moe./l. of CaC12' 
24 m.e./l. of CaC12 0 
18 
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Pot 
and 
plant Age 
, no. 
days 
47 :B 17 
c 14 
48A 17 
']J 17 
c 14 
49A 17 
:a lJ 
D 17 
SO A 17 
B 17 
c 17 
D 17 
33 A 2S 
:B 25 
C 25 
D 25 
)lirA 25 
c 25 
D 25 . 
3.5 A 25 
:B 25 
0 25 
D 25 
Table 1. Radioiron uptake of leaves and stems of bean plants as influenced by age 
Radio- Radioiron 
Weight iron Radioiron Weight Badioiron Radioiron Weight in tops 
of in in leaves o! in in stems of per gram 
leaves leaves per plant stems stems per 'Plant roots of rontCl 
grams p.p.m. micrograms grams p.p.m. micrograms grams micrograms 
0.20 1.12 0.22 0.17 1.28 0.22 0.17 2.60 
0.6,5 1.60 0.10 0.0) 2.60 0.08 0.00,5 36.41 
0.56 0.00 0.00 O.lS 0.47 0.01 0.19 0.37 
0.27 .54.00 14.58 0.07 127.7 8.94 0.04 S87.9? 
0.20 0.81 0.16 0.04 10.16 0.41 0.03 18.93 
0.10 7.47 S.2J 0.16 4.53 0.72 0.23 25.89 
0.13 0.00 0.00 0.04 0.00 0.00 - 0.00 
o.so 6.98 3.49 0.12 6.74 0.81 0.16 26.87 
0.67 0.00 0.00 0.16 0.00 0.00 0.13 0.00 
0.87 0.00 0.00 0.20 0.00 0.00 0.16 0.00 
1.21 0.00 0.00 0.20 0.00 0.00 O.lS 0.00 
0.41 0.00 0.00 0.13 0.00 0.00 0.1) 0.00 
-
0.55 10.17 5.59 0.20 :3.)1 0.66 0.54 11.58 
0.61 12.10 7.)8 0.18 3.45 0.62 0 • .52 15.)9 
0.35 8.60 ).01 0.13 6.06 0.79 0.19 19.98 
0.26 11.90 3.09 0.13 4.93 0.64 0.21 17.79 
0.)1+ 11.06 3.76 0.20 4.27 0.85 0.25 18.46 
0.57 ,.2) 1.54 0.'7 1.15 0.42 0.26 8.72 
0.88 6.01 5.29 0.47 2.30 1.08 0.51 12.49 
1.09 1.39 8.55 1.05 4.16 4.37 - -
0.71 8.32 5.91 0.33 2.87 0.95 0.41 16.12 
0.41 8.95 3.67 0.19 ).46 0.66 0.26 16.64 
0.37 15.80 5.8S 0.19 6.95 1.32 0.26 27.56 
" 
N 
o 
., ........... 
Pot 
and 
plant Age 
no. 
days 
36 A 25 
11 25 
c 25 
D 25 
1 A ;8 
:B 38 
c )8 
D )8 
3A 38 
:B 38 
c 38 
D 38 
5 A 38 
:B J8 
0 38 
D :is 
31 A 40 
B 40 
c 40 
D 40 
32 ] 40 
c 40 
Table 1. Radioiron uptake of leaves and stems of bean plants as influenced by age (cont.) 
Radio- Radioiron 
Weight iron Radioiron Weight Radioiron Radioiron Weight in tops 
of in in leaves of in in stems of per gram 
leaves leaves per plant stems stems per -plant roots of ronta 
grams p.p.m. micrograms grams p.p.m. micrograms grams micrograms 
-
0.20 10.39 2.08 0.11 2.15 0.24 0.14 16.53 
0.95 8.24 7.83 0.20 4.75 0.95 0.85 10.33 
0.39 15.66 6.11 0.20 5.44 1.09 0.24 29.98 
0.31 15.33 4.75 0.13 4.88 0.63 0.22 24.48 
1.16 0.00 0.00 1.2) 0.00 0.00 0.45 0.00 
1.76 0.57 1.0; 1.59 0.61 0.97 0.49 4.10 
1.44 2.60 '.74 1.16 1.43 1.66 0.76 7.11 
2.27 2.30 5.15 1.63 1.33 2.17 0.77 9.50 
0.91 1.51 1.:37 0.55 0.93 0.51 0.39 4.83 
2.64 0.48 1.21 2.21 0.27 0.60 0.64 2.91 
2.78 0.67 1.86 0.98 0.42 0.41 1.07 2.13 
2.52 0.19 2.00 2.42 0.00 0.00 0.89 2.25 
1.14 0.00 0.00 1.28 0.00 0.00 0.42 0.00 
0.81 0.00 0.00 0.96 0.00 0.00 0.35 0.00 
1.72 0.00 0.00 1.27 0.00 0.00 - 0.00 
1.4) 0.00 0.00 1.40 0.00 0.00 0.62 0.00 
7.01 0.~8 1.26 1.11 0.00 0.00 1.0J 1.22 
0.72 0.00 0.00 0.29 0.00 0.00 0.23 0.00 
4.55 0.00 0.00 2.37 0.00 0.00 1.91 0.00 
2.16 0.00 0.00 1.20 0.00 0.00 O.JO 0.00 
0.97 0.00 0.00 0.40 0.00 0.00 0.39 0.00 
2.22 1.16 - 2.57 1.42 1.17 1.66 '0.55 7.70 
l\) 
~ 
.,~~~~ 
Pot 
and 
nlant Age 
no. 
days 
13 A 43 
:B 44 
C Q4 
D 43 
14 A 41 
:B 44 
C 41 
D 44 
15 A 44 
B 44 
C 44-
D 44-
10 A 46 
B 46 
c 46 
D 46 
11 A 46 
C 46 
"D 46 
12 A 46 
:s 46 
Table 1. ltadioiron uptake of leaves and stems of bean plants as influenced by age (cont.) 
Radio- Radioiron 
Weight iron Hadiolron Weight Radioiron Radioiron Weight in tops 
of in in leaves of in in stems of per grant 
leaves leaves per plant stems stems ner plant roots of roota 
grams p.p.m.. micrograms grams p.p.m. microgr;uns grams m1 crograms 
2.20 0.79 1.74 2.9' 0.42 1.23 1.1.3 2.63 
2.52 0.41 1.0,3 1.74 0.09 0.16 1.28 0.93 
1.41 0.90 1.27 1.02 0.75 0.16 0.75 2.71 
1.72 0.42 0.72 0.56 0.:38 0.21 0.53 1.76 
1.17 3.62 4.2) 0.77 2.05 1.58 0.54 10.76 
2.12 1.97 4.18 1.32 1.)4- 1.77 1.13 .5.26 
1 • .52 1.30 1.98 1.07 1.18 1.26 0.85 3.81 
1.15 5.09 5.85 0.77 2.08 1.60 0.61 12.22 
1.50 1.69 2.53 1.55 0.57 0.88 1.99 1.70 
3.49 8 • .31 29.00 0.41 0.80 0.33 0.32 91.66 
0.81 2.50 2.02 0.87 1.85 1.61 0.19 4.60 
1.14 1.91 2.18 0.78 0.87 0.68 0.69 4.14 
1.22 1.85 2.26 0.70 0.77 0.54 0.70 3.99 
0.88 8.87 7.81 0.49 3.98 1.95 0.58 16.82 
1.98 2.46 4.87 1.49 2.77 4.13 1.13 7.96 
2.41 2.43 5.87 1.49 1.19 2.67 0.94 9.07 
3.71 0.00 0.00 2.97 0.00 0.00 1.20 0.00 
3.18 0.00 0.00 2.82 0.00 0.00 1.59 0.00 
2.21 0.00 0.00 2.25 0.00 0.00 0.93 0.00 
" , 
3.62 6.13 24.63 3.61 1.60 5.776 1.40 <. 21.72 
2.15 5.20 11.18 1.60 1.79 2.864 0.50 28.08 
\ 
l\) 
N 
--u 
Table 1. Radioiron uptake of leaves and stems ot bean :plants as influenced by age (cont.) 
Pot Radio- Radioiron 
and Weight iron Radioiron Weight Radioiron Radioiron Weight in tops 
plant Age of in in leaves ot in in stems of per gram 
no. leaves leaves per -plant stems stems 'Per 'Plant roots of roots 
days grams p.p.m. micrograms graJDS p.p.m. micrograms grams micrograms 
16 C 51 ).27 0.00 0.00 ).20 0.00 0.00 1.,55 0.00 
D 50 3.67 O.q8 0.29 3.44 0.)0 1.032 1.11 1.19 
17 A 51 1.46 0.00 0.00 1.00 0.00 0.00 0.13 ' 0 0 00 
:B 4() 0.3.5 0.00 0.00 0.J8 0.00 0.00 0.18 0.00 
C .51 4.35 0.00 0.00 1.78 0.00 0.00 2.27 0.00 
D 51 5.99 0.00 0.00 4.34- 0.00 0.00 1.64- 0.00 . 
18 A 50 1.12 0.00 0.00 1.12 0.00 0.00 0.38 0.00 
:a 51 1.04 0.00 0.00 0.78 0.00 0.00 0.37 0.00 
c So 3.09 0.00 0.00 ).24 0.00 0.00 2.19 0.00 
D 51 4.56 0.00 0.00 3.82 0.00 0.00 2.35 0.00 
19 A 51 2.55 0.00 0.00 1.76 0.00 0.00 1.23 0.00 
:B 51 4.02 0.00 0.00 3.)2 0.00 0.00 0.94 0.00 
C 51 4.39 o.oo~ 0.00 2.48 0.00 0.00 1.26 0.00 
D 51 2.35 0.00 0.00 1.32 5.42 7.l.5 0.77 9.29 
20 A 42 2.10 0.00 0.00 1.4) 0.00 0.00 0.67 0.00 
:B 51 2.84 0.00 0.00 1.11 0.00 0.00 1.35 0.00 
c SO 4.01 0.00 0.00 2.91 0.00 0.00 1.90 0.00 
D 51 3.54 0.00 0.00 2.37 0.00 0.00 1.34 0.00 
~ 
--
~--- - ----- ---
------ - - -- -----------
Iiiair,.. .... ;.. 
24 
. Tab'le I-a. P.ad.101ron uptake of bean plants as influenced by age 
Pot and Weight Radioiron Total 
plant no. Age of in radioiron plant plant per plant 
days grams p.p.m. micrograms 
2 At 29 0.56 .3.81 2.13 
.Au 29 1.3.5 10.64 . 14.36 
AO 29 0 • .59 7.)4 4.3.3 
~ 29 1.04 4.17 4.)4 29 1.57 12.80 20.10 
:So 29 0.37 7.22 2.67 
C 29 1.03 10.24 10.5.5 
Dt 29 - 5.12 -
Do 29 1.36 16.74 22.77 
DO 29 1.08 9.12 9.8.5 
4A 29 0.72 7.04 5.07 
E 27 1.6) ).21 5.23 
C 29 1.94 13.52 26.23 
D 29 1.40 10 • .37 14.52 
6A 29 3.49 3.24 11.)1 
]) 29 1.32 1.90 2.51 
c 29 1.44 1.01 1.4,5 
D 29 0.90 2.4) 2.19 
8A 29 0.79 5.40 4.27 
:a 29 2.30 4.23 9.7:3 
c 29 1.23 3.56 4.38 
D 29 1.40 3 • .37 4.72 
7 A 21 1.24 7.78 9.65 
! 21 0.7) 29.01 21.18 
C 21 0.47 8.25 ).88 
D 17 0.80 9.93 7.94 
L • lover, U. u.pper, C • center. 
Table 2. Weight of bean l)lcnts as influenced 
by the ion oontent of the solution 
(Expressed in grams on dry \leight basis) 
A. Leaves 
ReplicF;tioLS 
rrr e(l t!:len t 1 2 3 4 ~.\. verUi'~e 
Ho t r eo.t~.~e l:t 5.81 . 7.10 7.84 5.2) 6.50 
!JaECO) 8 La.e./l. 2.97' 4.34 2.82 2.09 3.06 
16 n.e./l. 3.00 I 4.72" 1.12 1.99 2.71 
24 Ll. e. /1 • 1.39, 3.47 2.46 1.26 2.15 
CuC12 8 r.-.l.e./1. 2.70 5.68 4.07 2.84 3.82 
16 L.e./l. 6.64 6.74 4.77 4.23 5.60 
24 1,1. t:;. /1 . 5.11 5.74 (;.55 4.46 5.47 
N~Cl 8 ~,.F;l.I'l. 2.89.1 4.34 h.92' 3.46 J.9q 
16 ::.e./l. 3.90' ).58 j.46 2.32 3.82 
2J+ : J. a • ! 1 . 2.74 y. 5.10 4.73 2.49 ).77 
B. ,'.;tc:JJlS 
Repl iC.1t iDES 
Tre~ttI:.ent 1 2 3 4 AVt:;rL.,::e 
no tr on.tl .en t 4.61 5.82 5.29 3.83 4.89 
r;alICO J "'.~ /1 1.95 4.57 2.07 1.63 2.56 ..:) ....... e. • 
ItJlu 'J./1. 2.25 5.84 1.07 1.92 2.77 
24 L.e.!l. 1.74 ).83 2.11 1.10 2.20 
CaC12 8 tl.e./l. 1.53 3.68 20 00 1.73 2.24 
16 !~. e. /1. 4.96 ).67 2.97 ).14 ).69 
24 I~. e. /1. 2.79 3.20 4.36 J.CJ8 3.36 
NaCl >': m.e./l. 1.62 4.92 4.l1-0 2.21 3.29 u 
16 r:~. c • /1 • 4.17 3.68 3.05 1.68 3.15 
241: .• e./1. 2.90 3.99 4.57 1.<.18 3.)6 
~lalY9i3 of v~riunce 
Leaves stoms 
Source of variation d.f. l,!eoo sliuare 1.:oEtIi square 
No trOtitlJ!ent vs. treatl.lents 1 26.00** 13.45** 
Nature of SuIt 2 16.22** 1.89 
Coneen tr,l ti ;)11 of Stilt 2 0.59 0.77 
Nature x concentration 4 2.08* 0.96 
Error 27 0.719 0.895 
L.S.D. .05 1.23 1.37 
L.S.D. .01 1.66 1.85 
25 
Table 30 Weight of roots of bean plants as influenoed 
by the ion oontent of the solution 
(Expressed jn grams on dry weight basis) 
Replioations 
Treatment 1 2 J 4 Aver~1.ce 
No treat.r:lent 1 003 1031 2.37 1033 1051 
NaHCOJ 8 m.e./l. 089 1.02 073 ~o 77 .85 
16 moe./l. 088 1.,28 033 ; 080 082 
24 n.e./l. 097 1 060 1035 059 1013 
CaCIZ 8 ':1. e. /1. .85 1.48 085 1010 1007 
16 n.e./l. 1031 2.56 .80 096 1.41 
24 n.e./l. 1014 1.56 1043 076 1022 
NaCl -8 r •• e./l. 073 1047 1021 067 1.02 1 ~ i~ 1007 088 099 078 .93 b f!:.8.iJ.. 
24 n.o./l. 073 087 .55 072 072 
!:l1alysi s of vcirian cs 
Roots 
Source ;Jf variation d.t. Mean square 
No tre:1tuont vs. treut:ients 1 089* 
l'Llture of s:-::.lt Z 042 
Concdlltratlon of s:llt 2 001 
Nature x conCcIltratioll 4 .15 
Brror 27 0128 
L.S.D. .05 n.so 
l.~3.D. .01 n.so 
• 
26 
/ 
/ 
Table 40 Chlorophyll oontent of bean plants as influenoed 
by the ion oontent of the solution 
(Expressed in peroent on dry weight basis) 
Replioations 
Treatment 1 2 3 4 Average 
No treat.ment 1095 1016 0.57 1019 1022 
}"': aEC03 8 ICL. e ./1. 0 0 48 1035 0065 1.09 00 89 
16 m.a./l. 0.52 0 0 09 0.55 0\088 0 0 .51 
24 r:1. e • /1 . 0032 0015 0 0 90 0 0 17 . 0039 
CaC12 8 r1.e./l. 1013 1 0 02 0058 0.70 0086 
16 n.e./l. loll 0086 0064 1.20 0095 
24 a.a./l. 1.45 0058 0042 1 0 40 ~Oo96 
NeCl 8 r;~. e. /1. 1013 0070 0074- 1033 0 098 
16 m.e./l. 0096 loll 0068 1 0 10 0096 
24 n.e./l. 1023 0081 0060 100S Oo9~ 
Analysi s of variance 
Leaves 
Source of variation d.'!. Mean square 
No treatment VB. treatluants 1 0056* 
Nature ot salt 2 O~~5** Conoentration of salt 2 O~ 4 . 
Nature x concentration 4 0045** 
Error 27 0,,108 
L.S.D. .05 n g 80 
L.S.D. .01 
.Do 8 o 
27 
Table 50 Total iron oontent of bean plants as influenoed 
by the ion content or the solution 
" (Expressed in parts p«r,million on dry weight basis) 
A. Leaves 
Repliontior:s 
TretJtLlf1nt 1 2 3 4 
No treatner!t 3 73 66 54 
NanCO] 8 m.e./l. 55 97 104 98 
16 f.1. e ./1. ~2 115 41 68 
24 aee./l. 46 lJ14 8 55 
CaC12 8 n.e./I. 68 73 97 61 
16 n.e./l. 42 63 51 41 
24 tl. e. /1. 90 64 37 77 
NnCl 8 fL,.a./l. 0 69 58 46 
16 n.e./l. 28 114 60 54 24 n.o./l. 72 97 55 10 
B. stens 
Rep1 ic :.:.tiOIlS 
Trentnent 1 2 ) 4 
No tre~tnent 0 36 .34 41 
r; aHC03 8 m.a./l. .3 46 0 2 
16 r~.G./l. 0 35 64 6 
24 I:.t. a ./1. 4 35 29 67 
C~C12 8 .o.e./l. 14- 39 22 4 16 IIl.e./l. 3 J) 0 7 24 m.e./l. 0 34- 13 44 
NaCl 8 m.e./I. , :3 27 13 J.r.2 
16 I!l.e./l. 1 ,~.l 52 38 
24 !::. e. /1. .3 3) 0 31 
Analysi s of v:..tl'iunce 
Loaves 
Source of variation 
No treatment vs. treatuents 
l:uture of salt 
Concentrcttionoof s~lt 
Nature x concentration 
Error 
L.9.D. .05 
L.S.D. .01 
d.f. 
1 
2 
2 
4 
27 
Heon square 
Average 
49 0 0 
·88.; 
69 0 0 
5302 
74.7 
49.2 
67.0 
4.302 
6400 
58 0 5 
AveruGG 
2707 
12.7) 
2602~ 
2.2- 7~ 
1907': 
10c7/ 
g~c7 ~\ 
2102-'-') 
3300 (-
l-6.7,/-
stems 
28 
~ 
Table 60 Radioiron content ot bean plants as influenoed 
by th. ion content of the solution 
(Expressed in parts per million on dry weight basis) 
A. Leaves 
Replications 
Trel1tuent 1 2 3 4 
No treatnent 0079 0016 0 0 16 0016 
NaHCO) 8 n.e./l. 0 000 0 000 0 0 00 0.00 
16 n.e./l. 0011 0 0 00 0 0 00 0013 
24 D.e./I. 0.00 0 0 00 0 0 10 0.00 
CaC12 8 m.e./l. 5.8) 0 0 22 2020 0.23 
16 !.l.e.!l. 0.19 0021 26.02 18.98 
24 m.a./l. 11.OS 0.00 2003 2.02 
NaCl 8 IJi. e ./1. 0 0 20 0 0 00 0 0 00 204-7 
16 n.e./l. 001) 0.00 9022 0 0 22 
24 il.O./l. 0.87 3094' 0019 0010 
B. stens 
Rep 1 i C ~l t i 0 I L S 
Treutment 1 2 3 4 
No tre:.!.tncnt 0.51 0.16 0 0 20 0000 
NaIlGD) 8 IJ. e. /1. 0000 0 000 0 0 00 0.00 
16 [,u e. /1. 0000 0.00 0000 0.09 
24Ill.e./1. 0 0 00 0.00 0 0 00 001; 
CaC12 8 £1.. e. /1. 4010 0038 2018 0 0 4; 
16 Iii.e./l. 0019 0$30 9073 '6064 
24 rJ..e./l. 3062 0 000 1.41 1041 
NaCl 8 m.e./l. 0.)0 0 000 0.11 1.41 
16 b.e.II. 0 0 21 0000 3069 0026 
24 !.1. e./1. 0 0 36 1.79 0 0 23 0.11 
An:J.1ysi s of v:..:.rlunce 
Source of variation 
No tret~tl.1ent vs. treat':'ients 1 
l~uture of sn.lt 2 
COHeen tr·l ti on of salt 2 
l~e.ture x concentrut:::'on 4 
Error 27 
L.S.D. .05 
L.S.D. .01 
'-----------------------. 
Leaves 
1507 
106 0 6* 
4500 
2704 
23031 
Average 
0 • .32 
0.00 
Oc06 
0 0 02 
2012 
11035 )078 
0 0 67 
2039 
1027 
AverLl:rG 
0.22 
0.00 
. 0.02 
0 0 04-
1.78 
4.21 
1061 
0.45 
1004 
0 0 62 
stems 
29 
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Table 7. Caloium content of bean plants as influenoed 
by the ion_ oontent ot the solution 
(Expressed in percent on dry weight basis) 
A. Leaves 
Rep11c&tior:s 
Trentaent 1 2 3 4- Average 
No treatr:lent 2.)6 1.68 2.20 2.68 2.2) 
NaHCO) B m.e./l. 2.21 1.40 2.10 2.)0 2.00 
161:1.e./1. 2.18 1.92 1.60 2.50 2.05 
24 s.e./l. 2.04 1.44 2.22 2.27 1.99 
CaC12 8 n.e./l. 2.04- 2.20 2.60 3.04 2.47 
16 D.e./l. ).)8 2.47 -2.86 2.79 2.87 
24 L'l. a. /1 .. 2.49 3.09 3.20 3.75 ).1) 
Noel 8 1:1. e. /1. 1.55 1.60 1.82 2.23 1.80 
16 L.e./l. 1.25 1.65 2.42 2.35 1.92 
24 [J.. 0./1. 1.33 1.75 1.97 1.85 1.72 
13. ~)tens 
ReplicatioIls 
Treatment 1 2 3 4 Averu~e 
No treutIlent 1.03 .74- 1.0) 1.10 .97 
NaHCO) a u.e./l. 1.)6 .67 .98 1.13 1.03 
16 Ii~.e./l. 1.01 .66 .84 1.03 .88 
24 n.e./l. 1.02 .59 .98 .94 .88 
CaC12 8 o.e./l. 1.0) 1.1) 1.43 1.86 1.36 
16 m.e./l. 1.33 1.73 1.22 -1.64- 1.48 
24 p-l.e./1. 1.30 1.6) 1.69 1.92 1.63 
NaCl 8 I:i.e./l. oa1 .69 .. 73 .97 .80 
16 1:1. e • /1 • .51 .6) 1.10 1.10 083 
241.1.e./1. .48 .89 .78 .94 .77 
Analysis of variunce 
, 
Leaves steas 
Source ot variation d.f. Mean square l~lean . square 
No treatment vs. treatnents 1 0 0 01 0 0 0,3 
Nature ot Bult 2 3044** 1.61** 
Concentration of salt 2 0.14 0 0 01 
Nature x concentration 4 0.17 0 0 05 
Error 27 0 0 10) 0.0437 
L.S.D. .05 0047 0.)0 
L.S.D. .01 0.63 0041 
,30 
• 
~. ' 
Table 8 0 Pet.mslum oontent of bean plants as influenoed 
by the ion content of the solutlen 
(Expres •• d in peroent on dry weight basis) 
A. Leaves 
ReplicF1tions 
Treutment 1 2 3 4 
No treatrrlent 2048 3016 ).34- 3058 
NaHCOJ" 8 m. e"./l. 4044 4028 4016 4088 
16 £1. e • /1 • 3032 2 0 80 3076 50 87 
24 hl.e./l. 2048 30 00 50 82 5 0 86 
CuC12 8 ~.e./l. 4000 2080 ).98 40 06 
16 Ll. e ./1. 1098 2082 2072 20 04 
24 Ill. e. /1. 2030 .3048 2042" 3006 
NeCl 8 1[1. e. /1. 2.78 )004 3071 4036 
16 n.e./l. 1.94- 3054- 3052 5.35 
24 H.o.!l. 4040 1048 3098 4070 
B. ster"\.S 
Repl i c ~!_t i OIlS 
rrreatment 1 2 3 4 
No trentnent 4006 2054 4080 4016 
r-; aHC03 8 t1~e./l. 4072 1084 3058 3092 
16 Ie .. e ./1. )072 2088 4040 4006 
24 m.a./l. 4040 3.68 3094 4.02 
CHC12 8 m.e./l. 5048 ).68 4064- 4016 16 ro.e./l. 3086 4004 4026 4.72 
24 m.e./l. 4048 3012 2 • .30 405i NaCl 8 m.e.fl. 4040 2000 3098 401 
16 trl.e./l. 2048 2 0 62 5038 4.78 
24 n.e./l. 2090 3090 2040 4022 
Analysis of v~rlunce 
Leaves 
Source of variation d.f. 
No treatL116nt vs. treatments 1 
Nature of salt 2 
Concentration of salt 2 
hature,x concentration 4 
Error 27 
L.S.D. .05 
L.S.D. .01 
Mean s quo..r e 
n.so 
n. So 
Average 
3014 
4044 
3094 
4029 
3071 
2039 
2081 
3047 
3.59 
.3.64 
Averu~e 
3.89 
;-.51 
)076, 
4001 
4.49 
4~22 
3.61 
3.6.3 
3.81 
3035 
stems 
0.02 
0079 
0 0 25 
'0.51 
0.660 
nos 0 
n.so 
• 
;1 
Table 90 Sodium oontent ot bean plants as influenoed 
by the ien content or the solution 
(Expressed In'peroent on dry weight basis) 
A. Leaves 
Replications 
Tre: . ltl:lcnt 1 2 J 4 
Ho trcatl'lent ( 0 0)0 000)0 0.008 00046 
NaEce) .3 8 r.1.e.!l. 0 0 068 0 0218 0.016 0.044 
16 n.e./l. 00750 0 0640 0.056 00460 
24 1.1. F3. /1 • 00690 0.800 00390 10730 
CuC12 8 n.e./l. 0 00)8 0.02; . 00022 0.0;6 
16 n.e./I. OoO~ 0002l 0 0015 000)6 
-
24 n.e./l. 0 002 00032 00028 0.032 
1:001 8Iil.e./l. 0 0 082 0.194 00018 00040 
16 L:. e. /1. 0 0480 0.278 O.OlS 00096 
24 n.o./l. 0 0 810 0 0 1;6 00170 0024,0 
B. stens 
R e pI i c ~.'. t ion s 
rrreLttnent 1 2 3 4 
No tre~:..tnent 00070 0.022 0.014 0 0 052 
NaHC03 8 n.e./l. 0.076 00860 00170 0 0 4-90 
16 L.:J. /1. 2 0 090 1.680 0.640 1.490 
24 l.l.e./l. 10760 10910 10510 20160 
CaC12 3 f.1.e./1. 0.028 0 0 024 00018 0.040 
16 w.e./l. 00028 0 0 034 0.018 0 0 040 
24 r~.e./l. 0.024 0.028 .0.014 0.042 
NaCI 8 n.e./l. 00370 1.090 00270 0.076 
16 I.:...e./l. 10540 1.220 0.120. 1.080 
24 ;~. e./l. 1.890 10100 0 0 5)0 10460 
~lulysis of v~ri~nce 
Source of variation d.f. 
1;0 trehtJaent vs. treatJ.1ents 1 
l~uture of selt 2 
Concentr~tion of salt 2 
Nature x concentrution 4 
Error 27 
L.S.D. .05 
L.S.D~ .01 
Leaves 
1.1eun s quur e 
0 0 334 
00451 
AveraGe 
00028 
0,,087 
00476 
00902/ 
0003; 
0.024 
0 0 029 
0 0 083 
0.217 
0.344-. 
Avera.r;e 
0.039 
0 0 399 
10475; 
1 0835 
0.027 
0.030 
00027 
0045-1 
0.990 
10245 
st eJ!I.S 
1.65 
4066** 
1.78 
0056 
0.677 
1.197 
10612 
32 
II. 
• 
Table 10. Avera8e v"eiGhts-and composition 
influenced by the ion content or 
WeIght WeIght -Tot-8.l Radio- Calcium 
Treatment of of iron iron leaves roots ~ 
grams grams p.p.m. p.p.m. peroent 
No treatnent 6.50 1.51 49.0 0.32 2023 
NaHC03 8 m.e./l. 3.06 0.85 88.5 0 0 00 2.00 
16 m.e.II. 2.71 0 0 82 69.0 0.06 2.05 
24 m.e./l. 2.15 1013. 53 •. 2 0.02 1.99 
CaC12 8 m.a./l. 3.82 1.07 74.7 2012 2.47 
16 m.e./l. 5.60 1.41 49.2 11.35 2.87 
24 m.e.!l. 5.47 1.22 67.0 3.78 3.13 
Nael 8 m.e./I. 3.90 1.02 4302 0.67 1 0 80 
16 m.e./I. 3.82 0.93 64 Q O 2.39 1.92 
24 m..a./I. 3.77 0.72 58.5 1.27 1.72 
L.S.D. • 05 1.23 n. s. n.s. n.s • 0.47 
L.S.D. .01 1 0 66 n.s. n.s. n.80 0063 
~droo~ on dS' 
IPotas- Socllum Chloro-
slum phyll 
percent percent peroent 
3014 0.028 lo22J 
4.44 0.087 O.89~ 
3094- 0.476 0.51' . 
4.29 0.902 0.3t 3.71 0.035 0.8 
2.39 0.024- 0.95 
2.81 0.029 0.96 . 
3.47 0.083 0. 981 
3.59 0.217 0.96; ).64 0.344- 0.92 \ 
n.8~ 0.334 1l •• '0 
ileSo 0.451 D-c-ao. 
\.aJ 
\..) 
Table 11. Average weights and composition of stem$ ~ ?8e\s as 
influenced by the ion content of the solution 
Treatment la'tCIUI s 
l?'~ams p.p.m. p.p.m. percent percent I percen 
No trea.tment 4 0 89 27.7 0.22 0.97 3.89 0 0 039 
NaHC03 8 m.e./l. 2056 12.7 0.00· 1.03 3.51 0.399 
16 m.e./I. 2.77 26.2 0.02 0.88 3076 1.475' 
24 m.e./l. 2.20 33.7 I 0 0 88 4001 1.835 0.04 
CaC12 8 m.e./l. 2.24 1907 1078 1.)6 4.49 0.027 16 m.e./l. 3069 10.7 4.21 1.48 4.22 0.030 
24 m.e~/l. 3.36 22.7 1061 1 0 63 3.61 0.027 
Nael 8 m.e./I. 3029 21.2 0.45 0.80 3.63 0.451 
16 m.a./I. 3015 33.·0 1.04 0.83 3.81 00990 
24 m.e./l. 3.36 16.7 0.62 0.77 3.35 1.245 
L.S.D. .05 1.37 n.a. n.a. 0.30 n.B. 1.194 
L.S.D. .01 I 1.85 n.s. n.8 .. 0.41 n.so 1.612 
.... 
.. , 
\.a.) 
+:-
) 
(2) 
(:3) 
\ (4) 
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